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WHAT IS CLAIMED IS: 

1 y^^' V data processing apparatus comprising: 

2 a register file comprising a plurality of registers, each of 

3 said pluralrty of registers having a corresponding register 

4 number; \ 

5 a first functional unit group connected to said register file 

6 and including a p^rality of first functional units, said first 

7 functional unit groug) responsive to an instruction to 

8 receive datfe from one of said plurality of registers 

9 corresponding to \ an instruction-specified first operand 

10 register number at av first operand input, 

11 operate on said Veceived data employing an instruction- 

12 specified one of said fdrst functional units, and 

13 output data to or^ of said plurality of registers 

14 corresponding to an instViction-specif led first destination 

15 register number from a firs\ output; 

16 a second functional unit group connected to said register 

17 file and including a plurality ofXsecond functional units, said 
il8 second functional unit group respons\ve to an instruction to 

19 receive data from one of s^id plurality of registers 

20 corresponding to an instruction-Aspecif led second operand 

21 register number at a second operand xinput, 

22 operate on said received data employing an instruction- 

23 specified one of said second functiona\ units, and 

24 output data to one of said plu\ality of registers 

25 corresponding to an instruction-specifiedV second destination 

26 register number from a second output; \ 

27 a first comparator receiving an indicatioiQ of said first 

28 operand register number of a current instr\ction and an 

29 indication of said second destination register Vumber of an 
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immediately preceding instruction, said first comparator 



indicating whether said fir 
current instruction matche 



St operand register number of said 
said second destination register 
number of said immediately preceding instruction; and 

a first register file oypass multiplexer connected to said 
register file, said first functional unit group, said second 
functional unit group and said first comparator having a first 
input receiving data from said register corresponding to said 
first operand register numl)er of said current instruction, a 
second input connected to said second output of said second 
functional unit group and an output supplying an operand to said 

first functional unit group, said 
said data from said register 
■: operand number of said current 



first operand input of said 
first multiplexer selectin 
corresponding to said firs 



instruction if said first comparator fails to indicate a match 



W45 and selecting said second ou 



group if said first comparator indicates a match, 



2. The data processing 
register file, said first 
functional unit group, said 
register file bypass mult 



tput of said second functional unit 



apparatus of claim 1 , wherein said 
functional unit group, said second 
first comparator and said first 
:|Lplexer operate according to an 
instruction pipeline comprising: 

a first pipeline sta^e consisting of a register read 
operation from said register file and a first half of operation 
of a selected functional unit of said first and said second 
functional unit groups, and 

a second pipeline stagje consisting of a second half of 
operation of said selected fujnctional unit of said first and said 

and a register write operation to 



second functional unit group^ 
said register file, 

wherein the sum of the t 
and said register write opera 



ime of said register read operation 
:ion equals approximately the sum of 
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16 the time of said firsft and second halves of operation of a 

17 slowest of said functional units of said first and second 

18 functional unit groups. 
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3. The data processing apparatus of claim 1, further 
comprising an output /register having an input connected to said 
second output of saidl second functional unit group and an output 
connected to said register file for temporarily storing said 
output of said secoqd functional unit group prior to storing in 

ponding to said second destination register 



said register corres 
number, 

wherein said fi 
of said second dest 
instruction, said 
said first operand 
matches said seconc 
preceding instructio 
wherein said mu 
to said output regi 
output register ou 
match. \ 



rst comparator further receives an indication 
nation register number of a second preceding 
■irst comparator further indicating whether 
register number of said current instruction 
destination register number of said second 
n, and 

Itiplexer further has a third input connected 
ster output, said multiplexer selecting said 
:put if said first comparator indicates a 



1 4. The data processing apparatus of claim 3, wherein said 

2 register filgr, said first functional unit group, said second 

3 functional ujfit group, said first comparator, said first register 

4 file bw^si [\ n^ultiplexer , and said output register operate 

5 accordiJng yo lark instruction pipeline comprising: 

6 a \ fijrsj: pipeline stage consisting of a register read 

7 operatio^T^rom said register file; 

8 a ^econd pipeline stage consisting of an operation of a 

9 selecteq functional unit of said first and second functional unit 
10 groups;/ and 
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a third pipelines 
operation to said regis 

wherein the t 
time of said r 
approximately to thd" 



:ims 



[IS 



stage consisting of a register write 
^ter file, 

*^f said register read operation and the 
write operation are each equal 
:im^ of operation of a slowest of said 
selected functional ur^its of said first and second functional 
unit groups, 

5. Tbe data processing apparatus of claim 1, said first 
comparator \further receiving an indication of said first 
destination Register of said immediately preceding instruction, 
said first comparator further indicating whether said first 
operand register number of said current instruction matches said 
first destination register number of said immediately preceding 
instruction, said first multiplexer further having a third input 
connected to skid first output of said first functional unit 
group, and said \f irst multiplexer selecting said first output of 
said first fundtional unit group if said first comparator 
indicates a match! 
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6. The data\ processing apparatus of claim 1, said first 
functional unit grcup further responsive to an instruction to 
receive data from one of said plurality of registers 
corresponding to an V.nstruction-specif ied third operand register 
number at a third operand input, 

said apparatus further comprising: 

a second conroarator receiving an indication of said 
third operand register \number of a current instruction and an 
indication of said secomd destination register number of said 
immediately preceding instruction, said second comparator 
indicating whether said tnird operand register number of said 
current instruction matches said second destination register 
number of said immediately preceding instruction; and 
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a S€:Cond register file bypass multiplexer connected to 



said register 
functional un 



file, said first functional unit group, said second 
t group and said second comparator having a first 
input receiviJbg data from said register corresponding to said 
third operand \ register number of said current instruction, a 
second input connected to said second output of said second 
functional uniti group and an output supplying an operand to said 
third operand jinput of said first functional unit group, said 
second multiplexer selecting said data from said register 
corresponding tio said third operand number of said current 
instruction if Aaid second comparator fails to indicate a match 
and selecting said second output of said second functional unit 
group if said second comparator indicates a match. 

7. The data processing apparatus of claim 6, said first 
comparator further receiving an indication of said first 
destination register of said immediately preceding instruction, 
said first comparator further indicating whether said first 
operand register number of said current instruction matches said 
first destination! register number of said immediately preceding 
instruction, said Ifirst multiplexer further having a third input 
connected to said! first output of said first functional unit 
group, said first multiplexer selecting said first output of said 
first functional ur^it group if said first comparator indicates a 
match, 

said second cdlmparator further receiving an indication of 
said first destinatlion register of said immediately preceding 
instruction, said second comparator further indicating whether 
said third operand Register number of said current instruction 
matches said firstl destination register number of said 
immediately precedirig instruction, said second multiplexer 
further having a thirid input connected to said first output of 
said first functionall unit group, and said second multiplexer 
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selecting said first output of feaid first functional unit group 
if said second comparator indicates a match. 
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8. The data processinj^ apparatus of claim 1 further 
comprising : 

a third comparator receiving an indication of said second 
operand register number of a current instruction and an 
indication of said second /destination register number of an 
immediately preceding in:itruction^ said third comparator 
indicating whether said se(iond operand register number of said 
current instruction matchas said second destination register 
number of said immediately preceding instruction; and 

a third register file bypass multiplexer connected to said 
register file, said first functional unit group, said second 
functional unit group and said third comparator having a first 
input receiving data frdm said register corresponding to said 
second operand register / number of said current instruction, a 
second input connected / to said second output of said second 
functional unit group and an output supplying an operand to said 
second operand input ofl said second functional unit group, said 
third multiplexer selJecting said data from said register 
corresponding to said I second operand number of said current 
instruction if said thkrd comparator fails to indicate a match 
and selecting said second output of said second functional unit 
group if said third coniparator indicates a match. 



9. The data pre 
comparator further 
destination register 



instruction, said third comparator indicating whether said second 



operand register numbe; 



cessing apparatus of claim 8, said third 
eceiving an indication of said first 
number of an immediately preceding 



r of said current instruction matches said 



first destination register number of said immediately preceding 



instruction, said thib 



d multiplexer further having a third input 
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8 connected to said fidst output of said first functional unit 

9 group, and said third \ multiplexer further selecting said first 



r"£ 



10 output of said first\ functional unit group if said third 

11 comparator indicates a rnatch. 

1 10. The data\ processing apparatus of claim 1 further 

2 comprising a third^-VCunctional unit group connected to said 

3 register file, wneraik said third functional unit group's 

4 register file outpiK_.^taN is available for register file bypass 

5 solely within the thirdXf unctional unit group itself. 

1 11. A data processing apparatus comprising: 

^2 a first register file comprising a plurality of registers, 

3 each of said plur^ality of registers having a corresponding 

4 register number; 
Ui 5 a second register file comprising a plurality of registers, 

6 each of said plurality of registers having a corresponding 
%i 7 register number; 
^ 8 a first functiorial unit group including an input connected to 
ry 9 said first and second register files, an output connected to said 
^[10 first register file, land a plurality of first functional units, 
nil said first functional lunit group responsive to an instruction to 

42 receive data from one of said plurality of registers in 

13 said first and second register files corresponding to an 

14 instruction-specified first operand register number at a 

15 first operand input, 

16 operate on said received data employing an instruction- 

17 specified one of said first functional units, and 

18 output data tp one of said plurality of registers in 

19 said first register file corresponding to an instruction- 

20 specified first destination register number from a first 

21 output; 
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a second functional unit [group including an input connected 
to said first and second register files, an output connected to 
said second register file, and a plurality of second functional 
units, said second functional unit group responsive to an 
instruction to 

receive data from onfe of said plurality of registers in 
said first and second degister files corresponding to an 
instruction-specified sepond operand register number at a 
second operand input, 

operate on said received data employing an instruction- 
specified one of said second functional units, and 

output data to one! of said plurality of registers in 
said second register fiie corresponding to an instruction- 
specified second destination register number from a second 
output; and 

a first crosspath connfecting said second register file to 
said first functional unit group comprising 

a first crosspath comparator, wherein, if said first 
operand register is iJn said second register file, said 
comparator receives an indication of said first operand 
register number of a cprrent instruction and an indication 
of said second destination register number of a preceding 
instruction, and said pirst crosspath comparator indicates 
whether said first operand register number of said current 
instruction matches saiJd second destination register number 
of said preceding instruction, and 

a first crosspath pnultiplexer connected to said second 



register file, said fir^ 
functional unit group 
having a first input 
corresponding to said f 
current instruction, a £ 
output of said second 



t functional unit group, said second 
and said first crosspath comparator 
receiving data from said register 
Lrst operand register number of said 
econd input connected to said second 
unctional unit group and an output 
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supplying an operand to said first operand input of said 
first functional uitit group, wherein, if said first operand 
register is in snid second register file, said first 
crosspath multiplexer selects said data from said register 
corresponding to saAd first operand number of said current 
instruction if saidl first crosspath comparator fails to 
indicate a match andi selects said second output of said 
second functional unit group if said first crosspath 
comparator indicates 4 match. 



1 12. The data processing apparatus of claim 11 further 

2 comprising a second crosspatn connecting said first register file 

3 to said second functional un^.t group. 

1 13. The data processing apparatus of claim 11, said first 

J 2 crosspath further comprising k first crosspath register latching 

I 3 said crosspath multiplexer' s 1 output for said first functional 

J 4 unit group's first operand 
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14. The data prcytessii|Lg appa 
comprising a third fun|ctiona 



uni 



and 



*egist!er f 



f ihnc 



atus of claim 11 further 
'group including an input 
seconfiX register files, an output 
le,\and a plurality of third 
ional unit group responsive to 



connected to said firsi 
connected to said first 
functional units, said thi^ 
an instruction to 

receive data from one of siid plurality of registers in said 
first and second register I files corresponding to said 
instruction-specified first operand register number at a third 
operand input, 

operate on said received fclata employing an instruction- 
specified one of said third functional units, and 
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13 output data to one of sa^d plurality of registers in said 

14 first register file correspcpding to an instruction-specified 

15 third destination register number from a third output^ 

16 said first crosspath further connecting said second register 

17 file to said third functiJonal unit group, and said first 

18 crosspath multiplexer furtner having an output supplying an 

19 operand to said third operanjd input of said third functional unit 

20 group. 
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15. The data processing apparatus of claim 11 further 
comprising : 

a first input comparator receiving an indication of said 
first operand register rAamber of a current instruction, said 
first comparator indicatiing whether said first operand register 
number is in said first/ register file or said second register 
file; and 

having a first input connected to 
^cond input connected to said first 
:ed to said first functional unit 
mul-^ipl^xer selecting said first input if 
:es said register corresponding 
said first register file, and 
input if sa<i^ first input comparator 
indicates said registjer corresponding to said first operand 
number is in said second register file. 



a first input mult 
said first register fil 
crosspath, and an outp 
group, said first inpuj 
said first input comp 
to said first operand 
selecting said second 



a sec 



cor 



rator/ indioat* 



;r IS II 



ro 



16. The data p 
comprising a fourth f 
connected to said fir 
connected to said firs 
functional units, said 
an instruction to 



cessing apparatus of claim 15 further 
unctional unit group including an input 
st and second register files, an output 
. register file, and a plurality of fourth 
fourth functional unit group responsive to 
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receive data from pne of said plurality of registers in said 
first or second register files corresponding to an instruction- 
specified fourth opeijand register number at a fourth operand 
input, 

operate on said received data employing an instruction- 
specified one of saidl fourth functional units, and 

output data to one of said plurality of registers in said 
first register fiye corresponding to an instruction-specified 
fourth destination /register number from a fourth output, 

said first input comparator further receiving an indication 
of said fourth iijsst^ination register number of an immediately 
preceding inst/ucjbio^, said input first comparator indicating 



fi: 



whether said 
instruction r^atch 
said immedia 
said fi 



lely 



perand register number of said current 
id fourth destination register number of 
ng instruction, and 
nput rr^altiplexer further having a third input 



connected to saicj fourth ^ output of fourth functional unit group, 
said first multiplexer selecting said fourth output of said 
fourth functional unit group if said first input comparator 



n|26 indicates a mate 
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